Evidence has accumulated that hematopoietic stem progenitor cells (HSPCs) share several markers with the germline, a connection supported by reports that prolactin, androgens, and estrogens stimulate hematopoiesis. To address this issue more directly, we tested the expression of receptors for pituitary-derived hormones, such as follicle-stimulating hormone (FSH) and luteinizing hormone (LH), on purified murine bone marrow (BM) cells enriched for HSPCs and tested the functionality of these receptors in ex vivo signal transduction studies and in vitro clonogenic assays. We also tested whether administration of pituitary-and gonad-derived sex hormones (SexHs) increases incorporation of bromodeoxyuridine (BrdU) into HSPCs and expansion of hematopoietic clonogenic progenitors in mice and promotes recovery of blood counts in sublethally irradiated animals. We report for the first time that HSPCs express functional FSH and LH receptors and that both proliferate in vivo and in vitro in response to stimulation by pituitary SexHs. Furthermore, based on our observations that at least some of CD45 -very small embryonic-like stem cells (VSELs) may become specified into CD45
Introduction
H ematopoietic stem progenitor cells (HSPCs) are exposed in bone marrow (BM) to several growth factors, cytokines, chemokines, and bioactive lipids. It has been also reported that they respond by clonogenic growth in vitro to certain sex hormones (SexHs), such as prolactin (PRL), androgens, and estrogens [1] [2] [3] . In further support of this notion, androgens (eg, danazol) are currently employed to treat aplastic anemia patients [4] . Similarly, the pro-hematopoietic activity of estrogens and progesterone play a role during pregnancy, so that HSPCs can respond to increased oxygen consumption and produce more erythrocytes [1] .
Furthermore, the recent heated debate about the existence of developmentally early stem cells with broader specification in murine BM has challenged the established hierarchy within the stem cell compartment [5, 6] . The responsiveness of HSPCs to SexHs may support the challenging concept of a developmental link between primordial germ cells (PGCs) and hematopoiesis [5] [6] [7] [8] [9] [10] [11] . Specifically, as proposed by some investigators, HSPCs could become specified from a population of migrating PGCs during embryogenesis [7] . In support of this intriguing possibility, HSPCs and PGCs are highly migratory cells, and specification of the first primitive HSPCs in yolk sac blood islands as well as the origin of definitive HSPCs in the aortagonad-mesonephros (AGM) region is chronologically and anatomically correlated with the developmental migration of PGCs in extra-and intra-embryonic tissues [5, 6, 11] . Furthermore, several papers have described the sharing of chromosomal aberrations between germline tumors and leukemias or lymphomas, which suggests their shared clonal origin [12] [13] [14] [15] . Moreover, as recently reported, germlinederived cells share with HSPCs a functional erythropoietin receptor (EpoR) [16] .
However, the exact mechanism of action of SexHs secreted by the gonads and, in particular, those secreted by the pituitary gland on hematopoiesis is not well understood. To address this important issue, we performed a complex series of experiments to address the influence of pituitary SexHs, such as follicle-stimulating hormone (FSH), luteinizing hormone (LH), and prolactin (PRL), as well as gonadal SexHs, such as androgen (danazol), estrogen (estradiol), and progesterone. Because the levels of the two latter SexHs rapidly fluctuate in mice during their very short (just 4-daylong) menstrual cycle, estradiol and progesterone were tested in ovariectomized female mice.
We tested the expression of SexHs receptors on murine BM-purified Sca-1 + cells enriched for HSPCs and, importantly, the functionality of these receptors was tested in clonogenic assays in vitro in the presence of suboptimal doses of hematopoiesis-stimulating cytokines and growth factors as well as by signal transduction studies. We also administered SexHs into mice and evaluated the incorporation of bromodeoxyuridine (BrdU) into BM-residing Sca-1 + Lin -CD45 + HSPCs, the expansion of BM clonogenic progenitors, and the recovery of peripheral blood (PB) counts in sublethally irradiated mice.
We observed that HSPCs express functional SexHs receptors, for both pituitary and gonadal SexHs, and proliferate in response to SexHs stimulation. Furthermore, based on our observations that population of BM-residing CD45 -very small embryonic-like stem cells (VSELs) express several markers shared with migratory PGCs [11] , and may become specified into CD45 + HSPCs [17, 18] , we also evaluated the expression of SexH receptors on these cells at mRNA and protein level and tested whether these quiescent cells can proliferate and accumulate BrdU if stimulated by SexHs. We found that VSELs express SexHs receptors and respond in vivo to SexHs stimulation similar to HSPCs, as evidenced by BrdU accumulation. This observation may shed new light on the developmental origin of HSPCs and support our previous observations of a potential developmental link between PGCs, some CD45
-VSELs, and CD45 + HSPCs.
Materials and Methods

Mice
We employed in our experiments pathogen-free, 4-6 week-old C57BL/6 mice ( Jackson Laboratory). In some of the experiments, ovariectomized C57BL/6 mice were purchased from National Cancer Institute. Animal procedures were approved by the Local Ethics Committee and performed in accordance with guidelines for laboratory animal care. All efforts were made to minimize animal suffering and the number of animals used.
Isolation of murine HSPCs and VSELs
Isolated by flushing bones, BM cell suspensions were lysed in BD lysing buffer (BD Biosciences, San Jose, CA) for 15 min at room temperature and washed twice in phosphate-buffered saline (PBS). VSELs (Sca-1 + Lin -CD45 -) and HSPCs (Sca-1 + Lin -CD45 + ) were isolated by multiparameter, live-cell sorting (Influx, Beckton Dickinson) and analyzed by flow cytometry (Navios, Beckman Coulter), as described in our previous studies [5, 19] .
Isolation of Sca-1
+ cells from BM BM cells were obtained from the femurs and tibias of C57BL/6 mice, and mononuclear cells were separated by Ficoll-Paque density gradient (Ficoll-Paque PLUS; GE Healthcare Bio-Sciences). To obtain Sca-1-positive cells, magnetic-activated cell sorting of Sca-1-stained cells was performed according to the manufacturer's protocol (Miltenyi Biotec, Inc.). In some of the experiments, murine Sca-1 + Kit + Lin -(SKL) cells were isolated by MoFloÔ XDP (Beckman Coulter, Inc.) [18] .
Hormon treatment of mice in vivo
Normal 2-month-old C57BL/6 mice were exposed to daily injections of FSH (5 IU/mice/day), LH (5 IU/mice/ day), PRL (1 mg/mice/1 day), danazol (4 mg/kg/day), and estrogen (20 mg/mouse/day). Hormone treatment was performed for 10 days.
FACS analysis
The following mAbs were employed to stain Lin -/ Sca-1 + /CD45 -and Lin -/Sca-1 + /CD45 + cells: biotinconjugated rat anti-mouse Ly-6A/E (Sca-1, clone E13-161.7), streptavidin-PE-Cy5 conjugate, anti-CD45-APC-Cy7 (clone 30-F11), anti-CD45R/B220-PE (clone RA3-6B2), anti-Gr-1-PE (clone RB6-8C5), anti-TCRab-PE (clone H57-597), anti-TCRgz-PE (clone GL3), anti-CD11b-PE (clone M1/ 70), and anti-Ter-119-PE (clone TER-119). All mAbs were added at saturating concentrations, and the cells were incubated for 30 min on ice, washed twice, and then resuspended for sorting in cell-sorting medium containing 1· Hank's Balanced Salt Solution without phenol red (GIBCO), 2% heat-inactivated fetal calf serum (GIBCO), 10 mM HEPES buffer (GIBCO), and 30 U/mL gentamicin (GIBCO) at a concentration of 5 · 10 6 cells/mL. Sca-1 + Lin -CD45 -cells (VSELs) and Sca-1 + Lin -CD45 + cells (HSCs) were isolated according to the gating and sorting strategy described by us [5, 19] . Proliferation events in BM-derived VSEL and HSC populations were examined by BrdU incorporation followed by flow cytometry.
In vivo BrdU treatment
Adult C57BL/6 mice (4-8 weeks old; Jackson Laboratory) were intraperitoneally (i.p.) were injected daily with 1 mg of BrdU solution to evaluate whether SexHs affect proliferation of stem cells, and the final injection of BrdU was performed 1 h before sacrificing the animals [20] . MNCs were subsequently isolated from BM after lysis of erythrocytes and immunostained for expression of Sca-1, CD45, and Lin markers, as previously reported [19] , as well as for the presence of BrdU (FITC BrdU Flow Kit; BD Pharmingen). Samples were analyzed with a Navios flow cytometer (Beckman Coulter). ) cells were resuspended in 0.4 mL of RPMI-1640 medium and mixed with 1.8 mL of MethoCult HCC-4230 methylcellulose medium (Stem Cell Technologies, Inc.), supplemented with L-glutamine and antibiotics. Specific murine recombinant growth factors (all purchased from R&D Systems) were added at suboptimal doses. Specifically, to stimulate granulocyte-macrophage colony-forming units (CFU-GM), IL-3 (10 ng/mL) and GM-CSF (25 ng/mL) were used, while EPO (5 U/mL) was used to stimulate erythrocyte burst-forming units (BFU-E), and CFU-Megs were stimulated by thrombopoietin (50 ng/mL). The colonies were counted under an inverted microscope after 7-10 days of culture. Each clonogenic assay was performed in quadruplicate.
Signal transduction studies
Cells were kept in RPMI medium containing 0.5% BSA overnight in an incubator to achieve quiescence; then stimulated with FSH (5 IU), LH (5 IU), danazol (4 mg/mL), PRL (1 mg/mL), estradiol (0.1 mM), progesterone (0.1 mM), or vehicle only (0.9% sodium chloride diluted in medium with 0.5% BSA) for 5 or 10 min at 37°C; and finally lysed for 20 min on ice with RIPA Lysis Buffer System (Santa Cruz Biotechnology) containing protease and phosphatase inhibitors (Santa Cruz Biotechnology). The concentrations of extracted proteins were measured with the BCA Protein Assay Kit, according to the manufacturer's instructions (Thermo Scientific), and equal amounts of protein were separated and analyzed for phosphorylation of MAPKp44/ 42 and AKT (Ser473). Loading of the lanes was evaluated by stripping the blots and reprobing with antibodies against MAPKp44/42 and AKT. All phosphospecific antibodies were purchased from Cell Signaling Technology, Inc. The membranes were developed with an Amersham ECL Western Blotting Detection Reagents kit and exposed to Amersham Hyperfilm (GE Healthcare).
Real-time polymerase chain reaction for SexH receptor expression
For analysis of SexH receptor expression at the mRNA level, total mRNA was isolated from cells with the RNeasy Mini Kit (Qiagen, Inc.), and mRNA was reverse transcribed with TaqMan Reverse Transcription Reagents (Applied Biosystems). Detection of target genes and b2-microglobulin mRNA levels was performed by real time polymerase chain reaction (RT-PCR) using an ABI PRISM Ò 7500 Sequence Detection System (ABI). A 25-mL reaction mixture contained 12.5 mL SYBR Green PCR Master Mix, 10 ng of cDNA template, and forward and reverse primers. Primers were designed with Primer Express software ( Table 1) . The threshold cycle (Ct), that is, the cycle number at which the amount of amplified gene of interest reached a fixed threshold, was subsequently determined. The relative quantitation of target gene mRNA expression was calculated with the comparative Ct method. The relative quantitative value of the target, normalized to an endogenous b2-microglobulin gene control and relative to a calibrator, is expressed as 2 -DDCt (fold difference), whereas DCt = Ct of target genes-Ct of an endogenous control gene (b2-microglobulin), and DDCt = DCt of samples measuring the target gene-DCt of samples measuring the calibrator for the target gene. To avoid the possibility of amplifying contaminating DNA (i) all of the primers for real-time RT-PCR were designed to contain a DNA intron sequence for specific cDNA amplification, (ii) reactions were performed with appropriate negative controls (template-free controls), (iii) uniform amplification of the products was rechecked by analyzing the melting curves of the amplified products (dissociation graphs), (iv) the melting temperature (T m ) was in the range 57°C-60°C, with the product T m at least 10°C higher than the primer T m , and v) gel electrophoresis was performed to confirm the correct size of the amplified products and the absence of nonspecific bands. In control experiments, cells were stained with secondary antibodies only. The nuclei were labeled with DAPI. The fluorescence images were collected with a confocal laser scanning microscope, FV1000 (Olympus).
PB counts
Fifty microliters of PB was taken from the retro-orbital plexus of the mice and collected into microvette EDTAcoated tubes (Sarstedt, Inc.). Samples were run within 2 h of collection on a Hemavet 950 hematology analyzer (Drew Scientific, Inc.) as described [21] .
White blood cell, platelet, and hematocrit recovery
Mice were irradiated with a sublethal dose of 650 cGy and then injected for 10 days with vehicle control (Thermo Scientific), FSH (5 IU/day), LH (5 IU/day), PRL (1 mg per mouse per day), or danazol (4 mg/kg/day; Sigma Aldrich). Blood was collected on days 0, 3, 7, 14, 21, and 28, and white blood cell (WBC), platelet, red blood cells (RBC), and hematocrit were measured on a Hemavet instrument (HV950FS; Drew Scientific Group) as described [21] . Experiments were performed twice (each time, n = 5).
Statistical analysis
The data were analyzed using Student's t-test or one-way analysis of variance (ANOVA) with the Bonferroni post-hoc test. We used the GraphPad Prism 5.0 program (GraphPad Software, Inc.), and P values < 0.05 were considered to indicate statistically significant differences. Data from murine HSPCs and VSELs proliferation both in vivo and in vitro after stimulation by SexHs are expressed as mean -SEM. Differences were analyzed using ANOVA (one way or multiple comparisons) as appropriate. Post hoc multiple-comparison procedures were performed using two-sided Dunnett or Dunn tests as appropriate with control samples as the control category. The significance level throughout the analyses was chosen to be 0.05. All statistical analyses were performed using the GraphPad Prism (version 6) statistical software.
Results
Murine BM-purified HSPCs and VSELs express mRNA for several pituitary and gonadal SexHs
To shed more light on the role of SexHs in hematopoiesis and to address a potential developmental link between hematopoiesis and the germline, we analyzed the expression of receptors for pituitary (FSH, LH, PRL) and gonadal (androgen, estrogen, and progesterone) SexHs in Sca-1 + Lin -CD45 + cells (HSPCs) as well as small Sca-1
-cells (VSELs) purified from BM and compared this expression with normal BM MNCs (Fig. 1A) . We observed that, except for estrogen receptor 1 alpha (Esr1), all receptors were expressed by both HSPCs and VSELs. However, there were some differences in expression between female and male mice; in particular, the progesterone receptor was expressed at much higher levels in VSELs and HSPCs of females than of males, in contrast to LH-R, which was expressed at higher levels in male VSELs. Overall, VSELs tend to express mRNA for SexHs at higher levels than HSPCs, with the exception of the progesterone receptor, which was highly expressed in female HSPCs.
Subsequently, to test whether these receptors are functional, we sorted Sca-1 + BMMNCs using immunomagnetic beads and evaluated their responsiveness to SexH stimulation by western blot analysis of MAPKp42/44 and AKT phospohorylation (Fig. 1B) . We found that all pituitary SexHs tested in our studies stimulated MAPKp42/44 phosphorylation in purified Sca-1 + BMMNCs. The strongest stimulation of MAPKp42/44 after 5 and 10 min was observed after administration of FSH, followed by LH and PRL. The activation of MAPKp42/44 was similar in male and female mice (not shown).
We also evaluated the responsiveness of sorted Sca-1 + BMMNCs using immunomagnetic beads to gonadal SexHs (Fig. 1C) . Because of the short 4-day estrus cycle in mice and rapid fluctuation in the level of estrogens circulating in the blood, we employed ovariectomized females in this experiment. As shown, gonadal SexHs stimulated MAPKp42/ 44 both in female and in male mouse-derived Sca-1 + BMMNCs. Male mice also responded to gonadal SexH stimulation by phosphorylation of AKT.
Final evidence for the expression of SexHs receptors by murine BM-derived HSCPs and VSELs was performed by immunofluorescence staining. As shown in Fig. 1D , both FACS sorted from BM murine HSPCs and VSELs express pituitary SexHs receptors (FSH-R and LH-R) as well as receptors for intracellular gonadal SexHs (Androgen-R and Estrogen-R).
Effect of in vivo administration of SexHs on the proliferation of murine BM-residing HSPCs and VSELs
Since HSPCs and VSELs express SexHs receptors (Fig.  1A) , we asked whether they respond to these hormones in vivo. This is an especially important question for BMresiding VSELs, which are reportedly a highly quiescent population of stem cells [22] but under appropriate microenvironmental conditions give rise to HSPCs [17, 18] . To address this issue, female and male mice were exposed to daily s.c. injection for 10 days of pituitary (FSH, LH, PRL) and gonadal (androgen, estrogen, and danazol) SexHs. In parallel with hormone therapy, mice were administered BrdU i.p. Control mice received vehicle instead of SexHs but were also administered BrdU.
We found that 10-day administration of each of the SexHs evaluated in this experiment directly stimulated proliferation of VSELs and HSPCs in vivo, as evaluated by the percentage of cells that incorporated BrdU. Specifically, the percentage of quiescent BrdU + Sca-1 + Lin -CD45 -cells increased from *2% to *15%-40% (Fig. 2A) . The highest response was observed for LH, FSH, and danazol for both female and male cells and for PRL for female cells. We also observed an increase in the percentage of BrdU + Sca-1 + Lin -CD45 + cells from *20% to 25%-60%, with the highest increases after injections of danazol, LH, and FSH ( Fig. 2A) .
Because of the short estrus cycle, the effect of estradiol and progesterone on BrdU accumulation by BM-residing VSELs and HSPCs was evaluated in ovariectomized female mice. Figure 2B shows that progesterone enhanced BrdU incorporation, particularly in small Sca-1 + Lin -CD45 -VSELs. However, simultaneously, we observed a small increase in BrdU incorporation into the population of Sca1 + Lin -CD45 + HSPCs. We also evaluated whether SexHs increase the total number of both VSELs and HSPCs in BM, as measured by FACS (Fig. 2C) . The total number of VSELs/10 6 BMMNCs increased in male BM by *2.5· after 10-day administration of FSH, LH, PRL, danazol, and estrogen. In female mice, the most effective SexHs were PRL, danazol, and LH. Simultaneously, we observed an increase in BM HSPCs/10 6 BMMNCs, with the highest stimulatory effect for danazol, LH, and FSH in both male and female mice.
The observed differences between the number of cells accumulating BrdU (Fig. 2B ) and the increase in the total number of cells (Fig. 2C ) most likely depends on differences in proliferation kinetics between the tested cells.
In vitro and in vivo effect of SexHs on the clonogenicity of murine CFU-GM, BFU-E, and CFU-Megs Finally, to assess the effect of SexHs on clonogenic growth of murine HSPCs, we performed in vitro clonogenic assays on Sca-1 + Kit + Lin -(SKL) BMMNCs stimulated to grow CFU-GM, BFU-E, and CFU-Meg colonies in the presence or absence of SexHs. To better assess the effect of SexHs on clonogenic growth of hematopoietic progenitors, the appropriate growth factors and cytokines were employed at 1/10 of their optimal dose (Fig. 3) .
We observed that SexHs enhanced clonogenic growth of CFU-GM, BFU-E, and CFU-Meg colonies, for female-as well as for male-derived cells. Similar data we obtained for + cell-derived CFU-GM, BFU-E, and CFU-Meg colonies; right panels: male Sca-1 + cells-derived CFU-GM, BFU-E, and CFU-Meg colonies. Number of colonies formed in absence of SexH was assumed to be 100%. Data are combined from four independent experiments. *P < 0.05 compared with control group. BFU-E, erythrocyte burst-forming units; CFU-GM, granulocytemacrophage colony-forming units.
less purified Sca-1 + cells (Supplementary Fig. S1 ; Supplementary Data are available online at www.liebertpub.com/ scd).
Finally, we evaluated the recovery of PB counts in mice that were sublethally irradiated and subjected to injections of SexHs (Fig. 4) . We observed a particularly statistically significant increase in leucocyte counts after administration of danazol and PRL and platelets counts on day 15 after administration of all tested SexHs.
Discussion
The salient observation of this paper is that HSPCs express functional receptors not only for gonadal SexHs, as reported [1] [2] [3] but also, as we show here for the first time, for pituitary FSH and LH. Another important observation is that also some BM-residing cells enriched for VSELs also express functional SexHs receptors. The expression of pituitary and gonadal SexHs receptors by these cells has been demonstrated at both mRNA and protein levels. This intriguing observation somehow supports a potential developmental link between germ line, some VSELs, and HSPCs.
The development of HSPCs is still an intriguing phenomenon, because evidence indicates that the first primitive HSPCs emerge at the 7th day post coitus (d.p.c.) in extraembryonic tissues in the yolk sac blood islands [23] . Cells that initiate primitive hematopoiesis in this location are called hemangioblasts and give rise to endothelial cells and primitive RBC that enter the circulation as nucleated erythrocytes [23] .
The question of what happens with hemangioblasts after the early stages of embryogenesis is still open. Do they contribute to the wave of definitive hematopoiesis, or are they eliminated at the time when definitive hematopoiesis emerges? Interestingly, it has been reported that hemangioblasts can still be recovered from adult BM [24] . In contrast to primitive hematopoiesis, definitive hematopoiesis is initiated a few days later at the 11th d.p.c. in the hemogenic endothelium of the dorsal aorta in the socalled aorta-gonad-mesonephros (AGM) region. The origin of HSPCs in this region [25] as well as the role of the initiation of circulation in the embryo [26] , the influence of shear forces [27] in the appearance of the first definitive HSPCs in the AGM, and the role of other locations of putative hemogenic endothelium, for example, the placenta vasculature [28] , are still under debate.
Moreover, recent reports on the existence of developmentally early stem cells with broader specification potential in BM [5, 11] pose two of the most important questions in developmental biology: What is the hierarchy within the stem cell compartment in murine BM, and are there remnants of embryonic development found in adult BM [5, [29] [30] [31] [32] [33] [34] [35] [36] ?
While some investigators propose that primitive and definitive hematopoiesis are independent events in embryonic development and that a primary source of HSPCs is hemogenic endothelium in the dorsal aorta [26] , parallel evidence has accumulated that HSPCs can become specified from a population of migrating PGCs during embryogenesis [5, 7] . PGCs are the first stem cells to be specified as a separate population in the proximal part of the embryo proper at *7 d.p.c., and right after specification these cells leave the embryo proper. Accordingly, shortly before the beginning of gastrulation, they migrate into the extraembryonic endoderm close to the yolk sac at the bottom of the allantois, where the first hemangioblasts and hematopoietic islands emerge, and subsequently return to the embryo proper and migrate into the genital ridges through the primitive streak, crossing the AGM region at around 11 d.p.c., as mentioned earlier [37] . During migration, PGCs amplify in number and change expression of some genes, so that, based on their molecular signature, we can distinguish early-migrating, migrating, and post-migrating PGCs. These latter cells are the precursors of gametes. This migratory route of PGCs and the appearance of primitive and definitive hematopoiesis raise the possibility that HSPCs could be derived from early PGCs (hemangioblasts in the yolk sac) or late-migratory PGCs (in hemogenic endothelium in the AGM region). In fact, it has been demonstrated in some species that migrating PGCs may go astray during their migration to the developing gonads and settle in other tissues [38] .
In support of the intriguing concept of a developmental link between PGCs and HSPCs, it has been demonstrated that murine PGCs isolated from embryos [7] , stem cells isolated from murine testes [8] , and teratocarcinoma cell lines [39] can be specified into HSPCs. We have also recently reported that functional EpoR is expressed on murine and human teratocarcinoma and gonadal tumor cell lines [16] . 
CD45
-cells in human BM and umbilical cord blood [40, 41] . These cells sorted based on surface markers and small size seem to be still somehow heterogeneous as revealed by gene expression analysis performed on single sorted murine VSELs [42] . However, what is important, they show multilineage differentiation potential into all three germ layers [34] [35] [36] 40] and, under appropriate coculture conditions with OP-9 stromal cells, some of them can be specified into HSPCs [17, 18] . They express embryonic stem cell markers such as Oct-4 and Nanog in their nuclei, and some murine VSELs express several markers, including Stella, Prdm14, Fragilis, Blimp1, Nanos3, and Dnd1, which are shared with migratory PGCs [11] . As mentioned earlier, cDNA studies performed on single sorted VSELs [42] revealed differences in Stella expression among these cells, and further studies are needed to better address the developmental origin of these cells. Populations sorted from murine BM VSELs also reportedly express EpoR [16] and highly express the hemangioblast marker, Flk-1 receptor. Based on these observations, we have proposed a potential developmental link between PGCs, hemangioblasts, VSELs, and HSPCs [11] .
Our data presented in this paper support the challenging, alternative concept that at least some VSELs and HSPCs can be specified during development from epiblast/migrating PGCs and that VSELs are the most primitive precursors of HSPCs in BM. Moreover, in spite of the expression of pluripotent stem cell markers, changes in the epigenetic signature of imprinted genes (eg, by erasure of imprinting at the Igf-2-H19 locus) in VSELs are involved in the resistance of these cells to Igf-1/Igf-2 signaling, which keeps these cells quiescent in adult tissues and prevents teratoma formation [22] . In fact, we have reported that VSELs correspond to long-term repopulating hematopoietic stem cells (LT-HSCs), which, similar to PGCs, express a maternal type of imprinting (erasure) at the Igf-2-H19 locus [22, 43] , and such epigenetic changes in LT-HSCs were recently confirmed by another group [44] .
While there have been a few reports indicating a responsiveness of HSPCs to gonadal SexHs and PRL [1] [2] [3] [4] ], here we demonstrate that HSPCs respond similar to VSELs to pituitary-secreted FSH and LH. This is an interesting observation, taking into consideration that the serum level of FSH increases with age at a time when the function of the gonads decreases. Thus, one could speculate that the increase in FSH may contribute to development of leukemia in older patients. While this possibility requires further study, our preliminary data indicate that human leukemic cells lines express functional SexHs receptors (manuscript in preparation).
In conclusion, our data support the concept of a potential developmental link between the germline and hematopoiesis, and the presence of VSELs in adult BM and the responsiveness of HSPCs to SexHs lend support to this hypothesis. Further studies are needed to see whether it is a common feature of all small cells that are sorted as VSELs population, or, for example, only their subset that expresses PGCs marker Stella [42] . Moreover, another silent observation is the positive effect of SexHs in sublethally irradiated mice demonstrated in this study, which opens up the new possibility that, besides androgens, some other SexHs could be employed in certain situations to stimulate hematopoietic recovery in the clinic [45] .
